Ali Ourari, Djouhra Aggoun, Lahcène Ouahab. A novel copper(II)-Schiff base complex containing pyrrole ring: Synthesis, characterization and its modified electrodes applied in oxidation of aliphatic alcohols. Inorganic Chemistry Communications, Elsevier, 2013, 33, pp.118-124 films on ITO-electrodes depends on the number of cyclical scans. The electrocatalytic performances of this complex seem to be more efficient towards the electro-oxidation of isopropylic alcohol than any other kinds of alcohols such as methanol, ethanol and benzyl alcohol. The electro-reduction of carbon dioxide was also examined. Thus, a copper(II)-Schiff base complex (1b) was synthesized [14] by the reaction of 6-(3'-N-pyrrolpropoxy)-2-hydroxyacetophenone [15] and ethylenediamine using absolute ethanol as solvent. This mixture was refluxed for about 1 hour until completion of the reaction after 3 which, one mmol of copper acetate monohydrated (Cu(OAC) 2 .1H 2 O) was added. After cooling, the copper complex was precipitated by diethyl oxide and the resulting solid was recovered by filtration, yielding 85 mg (61%).
During the last years, Schiff base ligands were found to be an important class of chelating agents in coordination chemistry [1, 2] . These compounds have also played a considerable role in the development of chemistry. Thus, a large number of these Schiff base ligands and their complexes have been studied in the past because of their wide application owing to their interesting properties as in electrocatalysis [3] , inhibitors of corrosion [4] , and biosensors [5] .
So, a particular interest was paid to the complexes obtained from tetradentate ligands (OONN) containing oxygen and nitrogen as heteroatom donors. However, these complexes have extensively been used as catalysts for a wide variety of reactions, including olefins epoxidation [6] , polymerization [7] , oxygen activation [8] and carbon dioxide [9] .
So, in continuation of our recent papers [10], we have undertaken a covalent grafting of electropolymerizable units as pyrrole, aniline and thiophene on Schiff base ligands in order to elaborate their modified electrodes for applications essentially focused on the heterogeneous catalysis and electrocatalysis. In this context, the transition metal complexes anchored on the polymer matrices constitute an active area of research due to their structural, magnetic properties and potential catalytic models of several biological systems as, for example, cytochrome P450 reactions [11] . The oxidative electropolymerization of various metal-salen complexes has been investigated [12] and the electrochemical design of modified electrodes by electrodeposition of polymer films has also been widely developed while those of conducting polymers are little studied. For this reason, this work aims to elaborate new materials as coordination compounds bearing pyrrol units which have been found to be very useful for catalytic applications in various fields of organic, inorganic and bioorganic
Thus, a copper(II)-Schiff base complex (1b) was synthesized [14] by the reaction of 6-(3'-N-pyrrolpropoxy)-2-hydroxyacetophenone [15] and ethylenediamine using absolute ethanol as solvent. This mixture was refluxed for about 1 hour until completion of the reaction after which, one mmol of copper acetate monohydrated (Cu(OAC) 2 .1H 2 O) was added. After cooling, the copper complex was precipitated by diethyl oxide and the resulting solid was recovered by filtration, yielding 85 mg (61%).
Scheme 1
The analytical data of the new copper(II)-Schiff base complex were in good agreement with the proposed molecular formula. This molecular structure was also confirmed by the X-ray diffraction analysis.
The FT-IR spectrum of the complex shows a strong absorption band at 1602 cm −1 , it may be due to the coordination of the copper(II) ion by the azomethine (C=N) nitrogen atom [16] .
However, the absorption band appearing at 1249 cm -1 was assigned to the C-N stretching;
while, the strong band located at 1096 cm -1 is assigned to the stretching mode of the phenoxy seems to be an irreversible system [23] . Table 2 . Table 2 Figure 5
From the micrographs, it can be clearly observed that there is a significant increase in 
Figure 6
The effect of the concentration of alcohol was studied with the four types of alcohols. Their electro-oxidation reactions were carried out using Cu(II)-L as catalytic sites which were uniformly dispersed on the surface of the modified electrode. For this purpose, volumes ranging from 10µL to 40µL were progressively added in order to evaluate the concentration effect as function of the efficiency of the electroxidation reaction. Fig.6 (curves a, b, c and d) shows the plots of the anodic oxidation charge obtained for different concentrations of each alcohol. The efficiency of this reaction was estimated from the Q ox values (integrated charge under the oxidation wave at low scan rate), recorded at each concentration applied for all alcohols studied. From these observations, it can be concluded that the anodic oxidation charge increases as the alcohol concentration increases. In fact, at low concentrations of substrate, the electrocatalytic oxidation process is mainly controlled by a diffusion process. In this case, the molecules of alcohol diffuse easily in the bulk of the modified electrode.
However, at higher concentrations, a significant increasing of peak current (i pa ) due to the interaction between alcohol molecules and available catalytic sites of the modified electrode expresses an enhancement in the electrocatalytic activity. In this case, it was observed that the current density obtained for the oxidation of isopropanol was found to be higher than those of all other alcohols [25] . This result may be explained by a significant increasing of the electronic density on the hydroxylated carbon owing to electrodonating effect of both methyl groups.
The reduction of carbon dioxide (CO 2 ) has also been investigated. potential is characteristic of an electrocatalytic current represented by the ratio i pc (CO 2 )/i pc (N 2 ) equal to 3.28. Hence, the importance of this ratio permits to judge the efficiency of an electrocatalytic reaction. Furthermore, a new redox system has also appeared at more cathodic potentials (E 1/2 = -1.121V). This result corroborates with the formation of µ-oxo dimers like those described for the oxidation reactions model of cytochrome P450 [26] .
The reduction process of carbon dioxide allows to regenerate the catalyst and produces simultaneously carbon monoxide with formic acid as reported in the literature [27] . These facts can be summarized in the following proposed mechanism, illustrated by the Fig.8 . Tables   Table 1. Crystal data and structure refinement for Cu(II)-L 
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